A low casein diet supplemented with 0.2-0.3% L-methi onine promotes growth in rats, although it causes liver fat accumulation. Oligo-L-methionine on the other hand, prepared by papain-catalyzed oligomerization of L-methionine ethylester, stimulates growth in rats without causing liver fat accumulation, when added to a 8% casein diet. Oligo-L-methionine is a mixture of oligomers, with a oligomerization degree of 5 to 12, and is hydrolyzed very slowly by pancreatic juice and everted gut rings of rats. A methionine derivative, cyclo (LL-dimethi onine), was examined in this study as it is hydrolyzed and/or absorbed very slowly from the intestinal tract and it was expected to be utilized as a methionine source without causing liver fat accumulation, when added to a low casein diet. It consists of two methionine residues linked together by two cis-peptide bonds and, therefore, is expected to be hydrolyzed and/or absorbed very slowly from intestinal tract. However, although cyclo (LL-dimethionine) was absorbed slowly from the intestinal tract, it was not utilized by rats as a methionine source, when added to 8% casein.
A low casein diet (8-10%), supplemented with 0.2-0.3% free methionine, causes liver fat accumulation and depression of plasma threonine, which results in methionine-induced threonine imbalance (1). In a previous study, when rats were fed 8% casein, supplemented with 0.2% oligo-L-methionine in place of free L-methionine, their growth was indistinguishable from those rats fed a 8% casein diet supplemented with 0.2% free methionine. However, liver fat accumulation and depression of plasma threonine levels were not observed in the former group (2). Oligo-L-methionine, prepared by papain-catalyzed polymerization of L methionine ethylester (3, 4), is a mixture of several oligomers with a polymerization degree of 5 to 12 (5) , and is hydrolyzed very slowly by pancreatic juice and everted gut rings of rats (unpublished data). We assumed that the slower absorption rate of oligomethionine from the digestion tract, compared with that of free methionine, might be one of the reasons why liver triglyceride accumulation and depression of plasma threonine levels were suppressed when oligomethionine was supplemented in place of methionine in a low protein diet. In addition, we also assumed that methionine derivatives, which are slowly hydrolyzed and/or absorbed from the small intestine, could also improve the growth of rats, without accumulation of liver fat as seen with oligomethionine, when they are added to a low casein diet. Chemically synthesized hexamethionine and heptamethionine supplemented into a low casein diet, however, could not prevent the accumulation of liver triglycerides and the depression of plasma threonine levels (6) .
In the process of finding relatively simple methionine derivatives that were absorbed much more slowly than free methionine from rat small intestine, four diastereoisomers of dimethionine were prepared and their disappearance from rat small intestine in situ were measured (7) . DD-Dimethionine, which is absorbed very slowly compared to the other three diastereoisomers (about one tenth of the absorption of LL-dimethionine), was supplemented into an 8% casein diet. How ever, it could not prevent accumulation of liver fat (8) , probably indicating that the absorption rate of DD-dimethionine from the intestinal tract is significantly higher than that of oligomethionine. However, the higher plasma threonine levels in the DD-dimethionine-fed groups compared to those of the LL-diasteromer-fed group, suggested that DD-dimethionine tended to more greatly suppress the threonine imbalance symptom, compared to LL-dimethionine which was absorbed from rat small intestine about ten times faster than the DD-diastereoisomer. This paper deals with the supplementary effect of cyclo (LL-dimethionine) ((3S, 6S) 3, 6-bis (2-methyl thioethyl)-1, 4-diazacyclohexane-2, 5-dione) in a low casein diet. Cyclo (LL-dimethi onine), consists of two methionine residues linked together by two cis-peptide bonds and, therefore, was expected to be hydrolyzed and/or absorbed very slowly from intestinal tract.
MATERIALS AND METHODS
Preparation of cyclo (LL-dimethionine). Heating of methionine isopropylester in an aqueous solution did not produce cyclo (LL-dimethionine), although the method was reported to lead to cyclization of the dipeptide (9) . LL-Dimethionine isopropylester (18.6g), was prepared by coupling of N-disphosphinothioyl-L-methi onine and L-methionine isopropylester by mixed acid anhydride method and removal of disphosphinothioyl group by acid treatment, as described previously (7) . It was suspended in water (200ml) and triethylamine (13.1ml) and refluxed for 9h. Cyclo (LL-dimethionine), crystallized out after standing for one day at room temperature, was collected, washed with a small amount of water, and finally dried. The yield was 2.5g (13.6%). This procedure was repeated several times in order to obtain sufficient amounts of the compound for experiments. Crude product was purified by recrystallization from hot water. EIMS m/z (rel.int): 262 ( sponding to 0.3 or 0.6% methionine, respectively (8C0.26CDM or 8C0.53CDM, respectively), 8C0.3M or 8C0.6M supplemented with 0.18 or 0.36% threonine, respectively, to suppress threonine imbalance caused by addition of methionine (8C0.3M0.18T or 8C0.6M0.36T, respectively), 4% egg albumin (Taiyo Chemical Co., Yokkaichi) (4E) to measure the biological value of each experimental diet instead of using a non-protein diet, because rats in a non-protein diet group lost weight constantly in our previous study (11) . The compositions of the experimen tal diets are given in Table 1 . Each rat was housed in a metabolic cage to collect feces and urine separately for 2 days during days 12 to 14, to calculate the biological values. Blood was obtained through the abdominal aorta under anesthesia (Nem butal, 5mg/100g body weight) on day 16, after fasting for 4h. Rats were killed by exsanguination. Livers were excised, weighed and lyophilized for analysis. 
DISCUSSION
Cyclo (LL-dimethionine) has two cis-peptide bonds in its molecule and, there fore, is supposed to be hydrolyzed and/or absorbed very slowly from the intestinal tract. A small amount of cyclo (LL-dimethionine) injected in the rat small intestinal loop disappeared and the disappearance rate of cyclo (LL-dimethionine) was roughly comparable to that of DD-dimethionine (7) . Methionine and dimethionine were not detected in the contents of the intestinal loop after injection of cyclo (LL-dimethionine) and incubation for 10min. When dipeptide is absorbed from the intestinal loop after some extent of hydrolysis, the contents of the loop contain free amino acids derived from the peptide (7, (14) (15) (16) . Cyclo (LL-dimethionine) was , therefore, supposed to be absorbed from intestinal tract in its intact form without hydrolysis.
The growth rate of rats fed the 8% casein diet supplemented with cyclo (LL-dimethionine) was not different from the rats fed the 8% casein diet only, indicating that cyclo (LL-dimethionine) could not be utilized by rats as a methio nine source. Cyclo (LL-dimethionine) absorbed from the intestine is considered to be excreted into the urine in an intact form, although urine was not analyzed in this experiment.
Eight percent casein diet, supplemented with 0.3 and 0.6% methionine, caused liver fat accumulation as described in detail previously (1). L-Methionine is one of the amino acids having the greatest absorption rate from the intestinal tract (17) . The growth of rats fed a low casein diet supplemented with oligo-L-methionine prepared by papain-catalyzed polymerization of L-methionine ethylester (2, 3), which is a mixture of several oligomers with polymerization degree of 5 to 12 (4) and is hydrolyzed very slowly by pancreatic juice and everted gut rings of rats (unpublished data), was not different from the growth rate of rats fed a low casein diet supplemented with methionine, although liver fat accumulation was not observed (5) . We assumed, therefore, that the methionine derivatives, which are hydrolyzed and/or absorbed very slowly from intestinal tract, promote growth in rats and do not cause liver fat accumulation when supplemented in a low casein diet. While searching for methionine derivatives that could stimulate the growth of rats without resulting in liver fat accumulation when added to a low protein diet, we concluded that DD-dimethionine and hexa-, hepta and octamethionine could not prevent threonine imbalance symptom, but that nonamethionine tended to alleviate the symptom (6, 8) . Cyclo (LL-dimethionine) was not utilized by rats as a methi onine source. Methionine hydantoin is another methionine derivative which, we expect, might be hydrolyzed and/or absorbed very slowly from the intestinal tract and used as a methionine source without causing liver fat accumulation when supplemented in a low protein diet. Feeding experiments with low protein supple ments containing methionine hydantoin are under consideration.
